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O B J E C T I V E S The purpose of the present study was to directly compare the diagnostic accuracy of
magnetic resonance imaging (MRI) and multislice computed tomography (CT) for the detection of
coronary artery stenosis.
B A C KG ROUND Both imaging modalities have emerged as potential noninvasive coronary imag-
ing modalities; however, CT—unlike MRI—exposes patients to radiation and iodinated contrast agent.
METHOD S One hundred twenty consecutive patients with suspected or known coronary artery
disease prospectively underwent 32-channel 3.0-T MRI and 64-slice CT before elective X-ray angiogra-
phy. The diagnostic accuracy of the 2 modalities for detecting signiﬁcant coronary stenosis (50%
luminal diameter stenosis) in segments 1.5 mm diameter was compared with quantitative invasive
coronary angiography as the reference standard.
R E S U L T S In the patient-based analysis MRI and CT angiography showed similar diagnostic accuracy
of 83% (95% conﬁdence interval [CI]: 75 to 87) versus 87% (95% CI: 80 to 92), p 0.38; sensitivity of 87%
(95% CI: 76 to 93) versus 90% (95% CI: 80 to 95), p 0.16; and speciﬁcity of 77% (95% CI: 63 to 87) versus
83% (95% CI: 70 to 91), p  0.06, respectively. All cases of left main or 3-vessel disease were correctly
diagnosed by MRI and CT angiography. In the patient-based analysis MRI and CT angiography were
similar in their ability to identify patients who subsequently underwent revascularization: the area under
the receiver-operator characteristic curve was 0.78 (95% CI: 0.69 to 0.87) for MRI and 0.82 (95% CI: 0.74
to 0.90) for CT angiography.
CONC L U S I O N S Thirty-two channel 3.0-T MRI and 64-slice CT angiography similarly identify
signiﬁcant coronary stenosis in patients with suspected or known coronary artery disease scheduled for
elective coronary angiography. However, CT angiography showed a favorable trend toward higher
diagnostic performance. (J Am Coll Cardiol Img 2011;4:50–61) © 2011 by the American College of
Cardiology Foundation
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51oronary artery disease (CAD) is the lead-
ing cause of death in the western world,
and its prevalence is still increasing (1).
The current gold standard for the diagno-
is of obstructive CAD remains conventional coro-
ary angiography; however, it is invasive and asso-
iated with risks, and a substantial number of the
rocedures are for diagnostic purposes only without
he need for intervention (2). Thus, noninvasive,
See page 62
ow-risk, and cost-effective coronary angiography
ould represent important progress in the diagnosis
f obstructive CAD.
Magnetic resonance imaging (MRI) and multislice
omputed tomography (CT) have been proposed as
oninvasive imaging modalities to determine the pres-
nce of coronary artery stenosis (3,4). Several studies
ave directly compared these 2 imaging approaches
or the diagnosis of obstructive CAD (5–8). However,
n recent years, noninvasive coronary imaging modal-
ties have been further spectacularly developed. In the
eld of MRI the recent use of 3.0-T MRI systems
9,10) and 32-element coils (11,12) has allowed im-
rovements in both the signal-to-noise ratio (SNR)
nd parallel imaging techniques, which enable further
mprovement of the spatial and temporal resolution of
he 3-dimensional (3D) free-breathing whole-heart
oronary imaging. By contrast, 64-slice CT technol-
gy has higher spatial and temporal resolution than
he older CT generations, which results in improved
mage quality and great clinical reliability. In addition,
direct comparison of the ability of MRI and CT
ngiography to predict the need for revascularization
as not been made.
Therefore, we conducted a prospective 2-center
tudy to determine the diagnostic accuracy of MRI
nd multislice CT angiography involving 32-channel
.0-T MRI and 64-slice CT for the detection of
linically relevant coronary artery stenosis in patients
ith suspected or known CAD referred for invasive
oronary angiography. Thus, the study was designed
o determine the presence or absence of coronary
rtery stenosis in patients already at substantial risk for
AD who might require coronary revascularization.
E T H O D S
tudy design. The study is a prospective, 2-center
tudy. MRI and CT angiography were performed
nd evaluated at 2 different centers. The local
nstitutional review board and the German Federal oepartment for Radiation Protection approved the
tudy, and all patients gave written informed
onsent.
tudy population. The study group consisted of 120
onsecutive patients who were referred between
eptember 29, 2008 and May 3, 2009 to undergo
nvasive coronary angiography for suspected or
nown CAD. To avoid radiation exposure in
ounger patients, who have a higher lifetime attrib-
table risk than older individuals receiving the same
ose, patients enrolled in the study were at least 50
ears of age (13). The exclusion criteria were atrial
brillation, acute coronary syndrome, New York
eart Association functional class III or IV heart
ailure, previous coronary artery bypass graft oper-
tion, body mass index of more than 40 kg/m2,
regnancy, and breastfeeding. Patients with contra-
ndications to MRI (noncompatible im-
lants or severe claustrophobia) or CT
impaired renal function with serum cre-
tinine level 1.4 mg/dl or known allergy
o iodinated contrast agents) were also not
onsidered for inclusion in the study.
tudy protocol. Patients underwent MRI
nd CT angiography in random order
efore invasive coronary angiography. If
o contraindications were present, each
atient received sublingual isosorbide di-
itrate (5 mg) immediately before MRI
nd CT angiography. Whenever the heart
ate was 65 beats/min, the patient was
iven 50 mg of metoprolol orally 1 h
efore MRI and CT examinations and,
dditionally, intravenous metoprolol (up
o 3 doses of 5 mg) if the heart rate was
till 65 beats/min.
2-channel MRI coronary angiography.
agnetic resonance imaging was performed on a
.0-T system (Achieva 3 Tesla, Philips, Best, the
etherlands) with a dedicated 32-element cardiac
oil (4  4 anterior elements and 4  4 posterior
lements) for data acquisition, as described recently
11,12). Cardiac synchronization was performed
ith vector electrocardiogram (ECG). A multislice
urvey using a segmented balanced steady-state free
recession sequence allowed localization of the heart
nd diaphragm in the 3 standard planes (transversal,
agittal, and coronal). Subsequently, a reference 3D
ataset was obtained to evaluate the individual coil
ensitivities for subsequent sensitivity-encoding
SENSE) imaging. To determine the individual car-
iac rest period a cine-scan with transversal slice
A B B
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52tition time/echo time/flip angle 3.7 ms/1.8 ms/45°,
cquired spatial resolution 2  2  8 mm, retrospec-
ive gating, 50 phases/cardiac cycle) was performed to
isually determine the optimal patient-specific trigger-
elay time and the duration of data acquisition win-
ow per RR interval (14). For real time respiratory
ating in the subsequent MRI angiography a pencil-
eam prospective navigator was placed on the dome of
he right hemidiaphragm to monitor the liver–lung
nterface during free-breathing with an end expiratory
cceptance window of 5 mm and a correction factor of
.45 in cranio-caudal direction (15).
A navigator-gated, ECG-triggered 3D whole-
eart MRI angiography with 130 transversal slices
overing the whole of the heart was acquired with a
egmented turbo gradient echo sequence (repetition
ime/echo time/flip angle: 4.2 ms/1.3 ms/20°) with
T2 preparation and a fat suppression pre-pulse.
he spatial resolution of the MRI angiography was
.5  0.5  1 mm interpolated from 1  1  2
m. Data acquisition was accelerated by employing
-dimensional parallel imaging with a SENSE
actor of 1.5 in the feed-head and anterior-posterior
irection. Contrast agent was not administered. A
iagram showing the MRI procedure is given in
igure 1. For analysis, multiplanar reformatting of
he 3D dataset was carried out with a previously
escribed dedicated coronary analysis tool (16).
ultislice CT coronary angiography. All scans were
erformed with a 64-slice CT scanner (SOMATOM
ensation 64, Siemens Healthcare, Erlangen, Germany)
Figure 1. Diagram Illustrating the Course of the 32-Channel MR
Diagram illustrating the course of free-breathing navigator gated 32
puted tomography (CT) coronary angiography. Contrast agent wasith a gantry rotation time of 330 ms, retrospective FCG gating, 120-kV tube voltage, and 850- to 1000-
As (effective) tube load. Computed tomography data
ere simultaneously acquired in 64 (32  2) datasets/
otation with 32  0.6 mm beam collimation. Scan
irection was cranio-caudal, and scan volume ranged
rom the carina to below the diaphragmatic face of the
eart. Pitch value was 0.2. In patients with a heart rate
elow 65 beats/min, ECG-gated tube current modula-
ion was used. The window of full tube current was
imited to 60% to 70% of the RR interval.
After placement of an antecubital 18-G intrave-
ous access, contrast agent transit time (iopromide,
70 mg of iodine/ml, Ultravist, Bayer Healthcare,
ermany) was assessed by injecting a test bolus of
5 ml followed by a saline flush of 50 ml, both at a
ow rate of 5 ml/s. Contrast agent transit time was
efined as the time between the start of contrast
njection and maximum enhancement in the as-
ending aorta at the level of the coronary ostia. For
ngiographic CT data acquisition, a delay 3 s longer
han contrast agent transit time was used. The
olume of contrast agent injected for the scan
epended on the estimated scan duration. Contrast
as injected at a flow rate of 5 ml/s for the same
uration as data acquisition. Overall quantity varied
rom 75 to 100 ml. Contrast injection was followed
y a 50-ml saline chaser bolus (5 ml/s). Figure 1
lso shows the CT angiogram procedure.
Half-scan reconstruction yielded a temporal res-
lution of 165 ms. The in-plane spatial resolution
as 0.4 0.4 mm with a slice thickness of 0.6 mm.
d 64-Slice CT Angiography
annel 3.0-T magnetic resonance imaging (MRI) and 64-slice com-
inistered for CT but not for MRI angiography.I an
-chor reconstruction, slice thickness of 0.75 mm,
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53ncrement of 0.5 mm, and standard (B25f) and
harp (B46f) convolution kernels were used. Initial
econstructions were obtained at 65% of the RR
nterval. If motion artifacts were present, additional
econstructions were performed in 5% increments
nd decrements and displayed on dedicated work-
tations (Leonardo; Siemens, Forchheim, Ger-
any). Reviews of the axial source images, muli-
lanar reconstructions, and curved multiplanar
econstructions were used to evaluate the CT data-
et. The effective dose of CT angiography was
alculated with dedicated software (CT-Expo V1.6
007, Medical University Hannover, Hannover,
ermany) (17).
onventional coronary angiography. Selective coro-
ary angiography was performed with the trans-
emoral Judkins approach with standard techniques
fter right and left intracoronary administration of
50 to 200 g glycerin trinitrate. Quantitative
nalysis of the coronary angiograms (CAAS 5.7,
ie Medical Imaging B.V., Maastricht, the Neth-
rlands) was performed by an experienced reader
ithout knowledge of the results of MRI and CT.
t least 2 orthogonal projections were evaluated;
fter catheter-based image calibration and auto-
ated vessel contour detection the measurement
as performed in the projection that showed the
ighest degree of stenosis. A significant coronary
tenosis was defined as 50% luminal diameter
Figure 2. Coronary Artery Segments According to the AHA
Minor branches, such as the conus (CB), sinus node (SN), ventricula
cumﬂex (AC) branches, are indicated in the diagram only for genera
ments we used the intermediate branch artery assigned to segmen
branch; D2  second diagonal branch; LAD  left anterior descend
main coronary artery; OM  obtuse marginal branch; PD  posteri
nary artery; RPD  right posterior descending branch. Adapted fromarrowing in segments 1.5 mm diameter. sRI and CT data analysis. The MRI and CT datasets
ere interpreted by the consensus of 2 experienced
bservers in a blinded fashion at 2 different centers,
ithout knowledge of the results of conventional
oronary angiography or the clinical characteristics
f the patients. Image quality was assessed on a
-point scale, where 1  poor (nondiagnostic), 2 
oderate (diagnostic with poor visibility of the
natomic details of the coronary arteries), 3  good
good visibility of the anatomic details of the
oronary arteries), and 4  excellent (excellent
isibility and differentiation of the anatomic details
f the coronary arteries) (8). A 16-coronary-artery-
egment model according to the American Heart
ssociation (modified 15-segment model, with seg-
ent 16 being the intermediate branch of the left
oronary artery) (Fig. 2) (18) constituted the basis
or visual assessment of significant coronary artery
tenosis in segments1.5 mm diameter. For vessels
ith multiple stenosis the most severe stenosis
etermined the final vessel stenosis. Coronary ar-
eries with at least 1 visible coronary segment were
ncluded, and coronary segments with prior stent
mplantation or segments that were not visible by
RI or CT angiography were excluded from the
nalysis. To assess the clinical relevance of the MRI
nd CT data, they were additionally analyzed in
heir ability to predict subsequent revascularization
n the basis of location of the stenosis and vessel
, acute marginal (AM), atrioventricular node (AV), and atrial cir-
ientation. In addition to the illustrated 15 coronary artery seg-
mber 16. AHA  American Heart Association; D1  ﬁrst diagonal
coronary artery; LCX  left circumﬂex coronary artery; LM  left
escending branch; PL  posterolateral branch; RCA  right coro-
sten et al. (18).r (V)
l or
t nu
ing
or dize. This was compared with the final decision of
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54he invasive cardiologist, on the basis of clinical and
ngiographic information, to revascularize or not.
To assess interobserver variability for interpreta-
ion of MRI and CT angiography, 2 independent
bservers visually evaluated the datasets in a ran-
omly selected sample of 50 studies.
tatistical analysis. The quantitative conventional
oronary angiography served as the reference stan-
ard. The sample size was calculated according to
he method proposed by Connor (19). To calculate
he sample size we assumed a difference in per-
atient diagnostic accuracy of more than 10% be-
ween MRI and CT (8). We intended to give the
tudy 80% power for an alpha level of 0.05. We
stimated that a sample of 120 patients would be
eeded, assuming 50% disease prevalence, 80%
greement between the 2 modalities on a per-
atient basis, and 10% dropout rate. The failure to
alsify the null-hypothesis based on these assump-
ions is equivalent with the statement that the
iagnostic accuracy of MRI and CT on a per-
atient analysis differs by 10% (19).
Statistical analysis was performed with a statisti-
al software package (SPSS, version 17.0, SPSS,
hicago, Illinois). For all continuous parameters,
ata are given as mean SD. McNemar chi-square
est was used to compare the diagnostic accuracy
Figure 3. Composition of Study Population
Flow chart of the study population, coronary artery disease prevale
branch; other abbreviations as in Figures 1 and 2.etween MRI and CT angiography, and the area 8nder the receiver-operator-characteristic (ROC)
urve (AUC) (20) and DeLong and DeLong
ethod (21) were used to compare the prediction of
evascularization with both imaging modalities. Di-
gnostic accuracy, sensitivity, and specificity were
alculated according to standard definitions. Agree-
ent between observers was assessed with Cohen
appa statistics (22), and Wilcoxon test was used to
ompare the image quality of MRI and CT angiog-
aphy. All tests were 2-sided, and a p value 0.05
as considered statistically significant.
E S U L T S
ive patients could not be examined with MRI,
ecause of claustrophobia or inadequate image
uality (irregular breathing pattern); another 5 pa-
ients either cancelled the CT examination or had
nadequate image quality, because of frequent ex-
rasystoles or insufficient intravenous contrast.
hus, the final study cohort included 110 patients.
mong the 330 arteries (right, left main–left ante-
ior descending [LAD], and intermediate branch–
eft circumflex [LCX]), 5 arteries could not be
valuated by MRI, and another 3 could not be
valuated by CT, resulting in 322 vessels for the
nal analysis. Among the 1,561 coronary segments,
and excluded coronary segments. RIM  Ramus intermediatence,2 could not be evaluated by MRI, and another 50
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55ould not be evaluated by CT; 60 further segments
ere stented, and 270 segments had a diameter
1.5 mm (Fig. 3). Representative examples of
ormal coronary angiogram and coronary stenosis
hat was detected by MRI and CT are shown in
igures 4 and 5.
Demographic and clinical characteristics of the
atients are shown in Table 1. The median time
nterval between the noninvasive tests and X-ray
ngiography was 1 day (mean, 0.8 day [range 0 to 3
ays]), and MRI and CT were performed as same-
ay examinations in 85 patients (77%; mean inter-
al, 0.1 day [range 0 to 3 days]). Mean heart rates
uring MRI and CT examination did not signifi-
antly differ (62.7  8.3 beats/min vs. 62.4  8.7
eats/min, respectively; p  0.73). The MRI an-
iography was acquired during diastole in 100
atients (average heart rate, 62  7 beats/min;
rigger delay, 675  75 ms; acquisition duration,
6  58 ms) and during systole in 10 patients
average heart rate, 75  11 beats/min; trigger
elay, 377  103 ms; acquisition duration, 82  12
s). The mean effective scan time for magnetic
esonance angiography was 17  4.7 min. The
ptimal reconstruction window for the left coronary
ystem (left main–LAD, and LCX) in CT was
ound at 60% to 70% and 30% to 40% of the cardiac
ycle in 105 and 5 patients, respectively, and for the
ight coronary artery (RCA) at 60% to 70% and
0% to 40% of the cardiac cycle in 101 and 9
atients, respectively. The mean time spent by the
atient in the MRI and CT laboratories (includ-
ng patient preparation) was 26.9  5.8 min and
1.2  4.3 min (p  0.001). Within 1 month after
nvasive coronary angiography, 53 patients under-
ent percutaneous revascularization (40 patients) or
urgical revascularization (13 patients). Effective
adiation dose for CT was 15.1  3.4 mSv for men
nd 21.9 5.1 mSv for women. Three patients had
inor allergic reactions to contrast dye after CT
ngiography.
mage quality. The image quality of the left main–
AD was similar with MRI and CT angiography
3.5  0.67 vs. 3.6  0.75, respectively; p  0.89);
or the RCA, MRI demonstrated higher image
uality (3.6 0.56 vs. 3.3 0.88, respectively; p
.001); however, for the LCX, CT showed higher
mage quality (3.0  0.9 vs. 3.6  0.67, respec-
ively; p  0.001). The number of segments that
ould not be assessed was significantly (p  0.011)
igher for MRI than for CT (Fig. 3); however,
ost of the coronary segments (48 of 82 [or 59%])hat could not be visualized by MRI were side 6ranch vessels (diagonal, marginal, or posterolat-
ral). In contrast, only 19 of 50 (38%) segments that
ould not be visualized by CT were side branch
essels (Table 2).
atient-based analysis. The diagnostic performance
f MRI and CT angiography on a per-patient basis
s shown in Table 3 and Figure 6A. All cases of left
ain or 3-vessel disease (2 and 11 patients, respec-
ively) were correctly diagnosed by MRI and CT
ngiography.
essel-based analysis. Tables 3 and 4 provide direct
omparisons of MRI and CT angiography with con-
entional coronary angiography for the analysis of
oronary arteries. The diagnostic accuracy of MRI and
T angiography on a per-vessel basis was similar
Fig. 6C), with no significant differences among the
ight and left main–LAD arteries. However, CT
howed significantly higher diagnostic accuracy for
he intermediate branch–LCX than MRI.
rediction of revascularization. Table 5 and Figures
Figure 4. Representative Example of Normal MRI, CT, and X-Ray
Representative example of magnetic resonance imaging (MRI) and
phy (CT) volume rendering and corresponding invasive coronary an
showing normal angiogram of left and right coronary artery systemAngiography
computed tomogra-
giography images,B and 6D show similar ability of MRI and CT
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56ngiography to predict coronary intervention at 1
onth, on the patient- and vessel-based analysis. On
he basis of quantitative coronary angiography, 10 of
Figure 5. MRI and CT in a Patient With 2-Vessel Coronary Arter
Typical examples of volume rendering (left panels), and reformatte
computed tomography (CT) angiography and corresponding invasiv
coronary artery systems. (Top panels) Two-vessel disease involving
(Bottom panels) Normal distal right coronary arteries by MRI, CT, a
the coronary artery including distal segments and side branches.
Table 1. Baseline Characteristics of Study Population
Characteristic Value
Age, yrs 65.1 8.2
Age range, yrs 50–81
Sex, male 77 (70)
BMI, kg/m2 27 3.9
BMI 30 kg/m2 32 (29)
Risk factors
Hypertension 78 (70.9)
Diabetes 28 (25.4)
Hypercholesterolemia 67 (60.9)
Current cigarette smoking 22 (20)
Family history of CAD 55 yrs 55 (50)
Known CAD 33 (30)
Previous myocardial infarction 18 (16.3)
Prior percutaneous coronary intervention 22 (20)
Beta-blocker premedication 58 (53)
Clinical presentation
Typical angina 35 (31.8)
Atypical angina 34 (30.9)
Nonspeciﬁc chest pain 20 (18.2)
No chest pain 21 (19.1)
Distribution of disease by conventional
coronary angiography
None 48 (44)
1-vessel 34 (31)
2-vessel 17 (15)
3-vessel 11 (10)
Data are n (%) unless otherwise indicated, mean  SD when appropriate.gBMI  body mass index; CAD  coronary artery disease.he 62 patients with stenosis 50% were not revas-
ularized due to small vessels (n  4) or because the
esion was not regarded as hemodynamically relevant
n  6). On the vessel-based analysis of the 103
essels, 29 were not revascularized. This was because
he lesion was not regarded as hemodynamically
elevant in 15 cases, the lesion was located in a small
essel or in distal segments in 7 cases, intervention was
erformed in a second session more than 1 month
fter the first intervention in 3 cases, the lesions were
egarded as not suitable for intervention in 2 cases, the
atient received bypass surgery and the distal LCX
as not graftable in 1 case, and chronic total occlusion
n 1 patient.
nterobserver agreement. In 50 randomly selected
atients, the patient-based interobserver agreement
as kappa  0.80 (95% confidence interval [CI]:
.64 to 0.96) for MRI and kappa  0.84 (95% CI:
.69 to 0.99) for CT. On the vessel basis the
nterobserver agreement was kappa  0.78 (95%
I: 0.67 to 0.89) for MRI and kappa  0.82 (95%
I: 0.70 to 0.94) for CT.
I S C U S S I O N
he present study demonstrates similar diagnostic
ccuracy of MRI and CT angiography with 32-
hannel 3.0-T MRI and 64-slice CT for the detec-
ion of significant coronary artery stenosis in pa-
ients with suspected or known CAD scheduled for
lective coronary angiography. However, CT an-
sease
ages (center panels) of magnetic resonance imaging (MRI) and
ronary angiography images (right panels) of the left and right
distal LAD (pink arrows) and the distal LCX (yellow arrows).
vasive coronary angiography. Note the excellent visualization ofy Di
d im
e co
the
nd iniography showed a favorable but nonsignificant
t
b
g
M
(
b
p
p
3
(
O
t
d
s
(
T
3
h
f
s
a
p
y
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 4 , N O . 1 , 2 0 1 1
J A N U A R Y 2 0 1 1 : 5 0 – 6 1
Hamdan et al.
MRI vs. CT for Detection of Coronary Stenosis
57rend toward higher diagnostic performance and
etter prediction of subsequent revascularization.
Previous studies comparing MRI and CT an-
iography have yielded variable results with 1.5-T
RI and different generations of multislice CT
5–8). The relatively new CT generations have
een demonstrated to outperform MRI angiogra-
hy (7,8). However, in recent years MRI angiogra-
hy has also shown substantial progress, and the
.0-T MRI system (9,10) and 32-element coil
11,12) have been introduced for coronary imaging.
ur results (Table 3) are in close agreement with
Table 2. Evaluation of Segments by Invasive Angiography, 32-C
32-Channel MRI
Not Evaluable False Positive Fa
LM 0 1
LAD
Proximal 0 5
Mid- 7 9
Distal 6 6
Diagonal branches 15 3
LCX
Proximal 5 11
Distal 12 2
Marginal branches 19 3
Intermediate branch 0 1
RCA
Proximal 0 5
Mid- 0 6
Distal 4 4
RPD/PL 14 3
Total 82 59
CT computed tomography; LAD left anterior descending artery; LCX left c
artery; RPD/PL  right posterior descending branch/posterolateral branch.
Table 3. Diagnostic Accuracy of 32-Channel MRI and 64-Slice CT
Stenosis >50%
32-Channel MRI
Patient-based analysis
Sensitivity 54/62 (87 [76–93]
Speciﬁcity 37/48 (77 [63–87]
Positive predictive value 54/65 (83 [72–90]
Negative predictive value 37/45 (82 [69–91]
Diagnostic accuracy 91/110 (83 [75–87]
Vessel-based analysis
Sensitivity 83/103 (81 [72–87]
Speciﬁcity 183/219 (84 [78–88]
Positive predictive value 83/119 (70 [61–67]
Negative predictive value 183/203 (90 [85–93]
Diagnostic accuracy 266/322 (83 [78–86]
Values are n/n (% [95% conﬁdence interval]).
CT  computed tomography; MRI  magnetic resonance imaging.hose of a recently published meta-analysis (23) that
irectly compares MRI and CT angiography in 5
tudies (325 patients) and shows similar sensitivity
87% vs. 87%) but higher specificity (77% vs. 70%).
he differences might be related to the use of the
2-channel coil and 3.0-T MRI, both resulting in
igher SNR. The only study that used 3.0-T MRI
or coronary angiography resulted in slightly higher
ensitivity (94% vs. 87%), specificity (82% vs. 77%),
nd diagnostic accuracy (88% vs. 83%) (10), com-
ared with our results. The use of contrast agent,
ounger patient age, lower body mass index, and
nel MRI, and 64-Slice CT Angiography
64-Slice CT
egative Not Evaluable False Positive False Negative
0 0 3 0
4 1 9 4
4 3 8 0
5 3 2 7
8 6 6 7
6 3 7 3
3 2 1 2
1 3 1 1
2 1 1 0
3 5 8 3
1 7 2 2
0 6 2 2
2 10 4 2
39 50 54 33
ﬂex; LM left main; MRImagnetic resonance imaging; RCA right coronary
giography for Patient- and Vessel-Based Detection of Coronary
64-Slice CT p Value
56/62 (90 [80–95]) 0.16
40/48 (83 [70–91]) 0.06
56/64 (88 [77–93]) 0.62
40/46 (87 [74–94]) 0.57
96/110 (87 [80–92]) 0.38
87/103 (85 [76–90]) 0.52
191/219 (87 [82–91]) 0.2
87/115 (76 [67–83]) 0.38
191/207 (92 [87–95]) 0.48
278/322 (86 [82–90]) 0.09han
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58xclusion of patients with previous angioplasty
ight account for these differences.
For 64-slice CT angiography the per-patient sen-
itivity and specificity ranged from 91% to 99% and
4% to 96%, respectively, among single-center studies
24) and from 85% to 99% and 64% to 90%, respec-
ively, among multicenter studies (4,25), which is in
greement with our data. Compared with the data in
he recently published meta-analysis (23) the sensitiv-
ty and specificity of our CT data are comparable but
lightly lower: 90% versus 97% and 83% versus 87%,
espectively. The differences might be because previ-
us studies were often made in selected patients after
limination or imputation of lesions in a substantial
umber of segments that could not be evaluated.
oreover, previous studies were often performed in
atients with suspected CAD or in populations with a
ow prevalence of CAD.
Three-dimensional, free-breathing MRI angiogra-
Figure 6. MRI and CT Diagnostic Performance and Prediction of
(A) The receiver-operator characteristic (ROC) curve describing the p
(MRI) and computed tomography (CT) angiography. The area under
for MRI and 0.87 (95% CI: 0.79 to 0.94) for CT; p  0.27. (B) The RO
CI: 0.74 to 0.90), and invasive angiography (AUC 0.91; 95% CI: 0.85
compared with the reference standard: patients who underwent su
basis, prediction of revascularization with MRI and CT was similar p
ization signiﬁcantly better than MRI, p  0.005, and CT, p  0.0003
performance. The AUC was 0.82 (95% CI: 0.77 to 0.87) for MRI and
the vessel basis for prediction of revascularization: MRI (AUC 0.80; 9
angiography (AUC 0.94; 95% CI: 0.92 to 0.97). Prediction of revascul
angiography predicted coronary revascularization signiﬁcantly bettehy is a valuable noninvasive tool for the evaluation of aAD (3,26,27), without the use of radiation and
otentially nephrotoxic contrast agents. However, the
iagnostic performance of this technique at 1.5-T has
ot reached that of CT angiography (7,8). This is
robably attributable to the lower SNR, resulting in
nferior spatial and temporal resolution than in CT.
he 3.0-T MRI systems, however, might overcome
hese shortcomings due to improved SNR as a result
f increased strength of the static magnetic field (9).
urther progress in the field of MRI angiography is
he use of 32-element coils, which alleviate noise
mplification to some extent and therefore potentially
ncrease the SNR and enable the use of parallel
maging in the form of 2-dimensional SENSE
11,12). The advantage of using 32-channel 3.0-T
RI angiography was translated in the present study
nto high image quality of the coronary arteries as
hown by visual assessment and high diagnostic per-
ormance, which was comparable to that of CT
ascularization
nt-based diagnostic performance of magnetic resonance imaging
curve (AUC) was 0.82 (95% conﬁdence interval [CI]: 0.73 to 0.90)
rves for MRI (AUC 0.78; 95% CI: 0.69 to 0.87), CT (AUC 0.82; 95%
.97) for prediction of coronary revascularization. Both curves were
uent revascularization and those who did not. On the patient
.27; however, invasive angiography predicted coronary revascular-
The ROC curve on the vessel basis for MRI and CT diagnostic
(95% CI: 0.81 to 0.90) for CT; p  0.23. (D) The ROC curves on
CI: 0.74 to 0.86), CT (AUC 0.83; 95% CI: 0.79 to 0.89), and invasive
tion with MRI and CT was similar, p  0.15; however, invasive
an MRI, p  0.001, and CT, p  0.001.Rev
atie
the
C cu
to 0
bseq
 0
. (C)
0.86
5%
arizangiography. However, the LCX had lower image
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59uality and lower diagnostic accuracy as assessed by
RI compared with CT. This might be due to the
elatively small caliber and posterior location of the
CX, which results in a lower SNR because of the
ncreased distance from the artery to the receiver coils.
y contrast, MRI provides higher image quality for
he RCA. This is possibly related to the higher
emporal resolution (acquisition duration), because the
est period of the RCA during the cardiac cycle is
horter than that of the left coronary artery system
28). This, however, did not result in a statistically
Table 4. Diagnostic Accuracy of 32-Channel MRI and 64-Slice CT
in Different Vessels
32-Channel MRI
RCA
Sensitivity 28/32 (88 [72–95]
Speciﬁcity 63/75 (84 [74–91]
Positive predictive value 28/40 (70 [55–82]
Negative predictive value 63/67 (94 [86–98]
Diagnostic accuracy 89/107 (83 [75–89]
LM-LAD
Sensitivity 35/42 (83 [69–92]
Speciﬁcity 56/68 (82 [72–90]
Positive predictive value 35/47 (75 [60–85]
Negative predictive value 56/63 (89 [79–95]
Diagnostic accuracy 91/110 (83 [75–89]
LCX-intermediate branch
Sensitivity 20/29 (69 [51–82]
Speciﬁcity 64/76 (84 [74–90]
Positive predictive value 20/32 (63 [45–77]
Negative predictive value 64/73 (88 [78–93]
Diagnostic accuracy 84/105 (80 [71–86]
Values are n/n (% [95% conﬁdence interval]).
Abbreviations as in Table 2.
Table 5. Diagnostic Accuracy of 32-Channel MRI and 64-Slice CT
of Coronary Revascularization
32-Channel MRI
Patient-based analysis
Sensitivity 46/52 (89 [77–95])
Speciﬁcity 39/58 (67 [54–78])
Positive predictive value 46/65 (71 [58–80])
Negative predictive value 39/45 (87 [74–93])
Diagnostic accuracy 85/110 (77 [69–84])
Vessel-based analysis
Sensitivity 62/74 (84 [73–91])
Speciﬁcity 191/248 (77 [71–82]) 1
Positive predictive value 62/119 (52 [43–61])
Negative predictive value 191/203 (94 [89–97]) 1
Diagnostic accuracy 253/322 (79 [73–83]) 2
Values are n/n (%); values in brackets are 95% conﬁdence intervals. *Compari
angiography.elevant diagnostic advantage compared with CT.
onversely, compared with MRI, CT has higher
patial resolution, most probably resulting in a signif-
cantly higher number of segments that could not be
ssessed by MRI. However, the most common false
ositive CT results are found in the proximal seg-
ents (Table 2), which might be because calcified
bstructions—which might cause blooming effects
nd therefore might result in obscured visualization of
he underlying coronary lumen—are more often lo-
ated in the proximal segments. This can be regarded
giography for Detection of Coronary Stenosis >50%
64-Slice CT p Value
25/32 (78 [61–89]) 0.20
65/75 (87 [77–93]) 0.77
25/35 (71 [55–84]) 1.0
65/72 (90 [81–95]) 0.53
90/107 (84 [76–90]) 1.0
37/42 (88 [75–95]) 0.19
57/68 (84 [73–91]) 1.0
37/48 (77 [63–87]) 0.81
57/62 (92 [82–97]) 0.76
94/110 (85 [78–91]) 0.48
25/29 (86 [69–95]) 0.07
69/76 (91 [82–95]) 0.001
25/32 (78 [61–89]) 0.27
69/73 (95 [87–98]) 0.24
94/105 (90 [82–94]) 0.001
giography for Patient- and Vessel-Based Prediction
4-Slice CT Invasive Angiography p Value*
/52 (92 [82–97]) 52/52 (100 [93–100]) 0.39
/58 (72 [59–82]) 48/58 (83 [71–90]) 0.58
/64 (75 [63–84]) 52/62 (84 [72–91]) 0.69
/46 (91 [79–97]) 48/48 (100 [92–100]) 0.52
10 (82 [73–88]) 100/110 (91 [84–95]) 0.38
/74 (88 [78–94]) 74/74 (100 [95–100]) 0.15
48 (80 [74–84]) 219/248 (88 [83–92]) 0.32
15 (57 [47–65]) 74/103 (72 [62–80]) 0.51
07 (96 [91–98]) 219/219 (100 [98–100]) 0.50
22 (82 [77–86]) 293/322 (91 [87–94]) 0.21
between computed tomography (CT) and magnetic resonance imaging (MRI)An
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60s a drawback of the technique, and data on prognosis
eeds to clarify its clinical relevance.
Because the coronary anatomy of the patient—
esides symptoms and functional tests, as deter-
ined by conventional coronary angiography—is
rucial for deciding on the indication for revascu-
arization procedure (29), we additionally compared
he ability of MRI and CT angiography to predict
he need for percutaneous or surgical coronary
evascularization. The 2 imaging modalities had
imilar ability to identify patients who underwent
oronary revascularization on the basis of clinical
nd angiographic information; however, invasive
ngiography predicted coronary revascularization
ignificantly better than MRI and CT (Fig. 6).
ecause luminal narrowing alone did not provide
he physiological effects of stenosis and functional
maging offers different and complementary infor-
ation, the combined use of noninvasive coronary
ngiography and functional imaging in the same
tudy protocol might be necessary to adequately
redict the need for revascularization and might
mprove the relatively low specificity of both mo-
alities (Table 5). Because MRI stress testing has
een intensely researched in recent years and its
igh diagnostic value—in the absence of radiation
nd potentially nephrotoxic contrast agents—has
een demonstrated (30), a combined use of MRI
tress testing and coronary angiography in the same
maging session would provide incremental and
rucial benefit for the evaluation of CAD. In
ddition, MRI is a major aid in diagnosing heart
isease, particularly when examining ventricular
unction and myocardial viability.
tudy limitations. We used contrast medium for CT
ngiography only, but gadolinium-based contrast
gent might further improve the results of MRI
ngiography (10); however, the use of contrast
edium might also enhance coronary veins and
mpair the depiction of coronary arteries. In addi-
ion, gadolinium-based contrast agent results in
dditional study cost and has potential side effects,
articularly for patients with impaired renal func-
ion. It is also difficult to repeat the scan in the sametistics Committee and Stroke Statis- Coronary magneticome reason. We excluded segments with coronary
tents from our analysis, because they cause artifacts
ainly in MRI but also in CT angiography and
ake a reliable analysis impossible. In symptomatic
atients after stent implantation, in-stent restenosis
annot be excluded, and a functional test might be
ore suitable in this patient population. In the
resent study we used a high-end research MRI
ystem and compared it with a clinically available
4-slice CT machine. More recently, 320- or 256-
lice CT has been introduced. This new generation
f CT scanners, which were not available at the
articipating centers, might have better diagnostic
ccuracy for the detection of CAD. Finally, the
resent study was performed in patients with clin-
cal indications for cardiac catheterization and a
igh prevalence of CAD. The study findings might
ot necessarily be extrapolated to patients with less
evere CAD.
O N C L U S I O N S
n this study we have demonstrated that 32-channel
.0-T MRI and 64-slice CT angiography similarly
dentify clinically relevant coronary stenosis and
imilarly predict subsequent revascularization in
atients with suspected or known CAD scheduled
or elective coronary angiography. However, CT
ngiography shows a trend toward higher diagnos-
ic performance.
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